I
n September 2004, the International Sepsis Forum convened a consensus conference to establish a series of definitions for a large number of infections in children and in the newborn. The goals of these definitions were as follows:
1. Identify infection early so that optimal therapy can be instituted. 2. Identify infections so that patients can be enrolled in clinical trials 3. Be useful for surveillance and epidemiologic studies
This submission deals with bloodstream infections (BSIs) in the newborn including term and premature infants. It briefly outlines the burden of the disease in both the developing and the developed world, describes the search strategy used, discusses the definitions currently in common use, and reviews the difficulties in their application to meet the previously mentioned objectives. Descriptions of specific definitions of pediatric infections, systemic inflammatory response syndrome (SIRS), sepsis, severe sepsis, and septic shock produced by the International Consensus Conference in 2002 are in press; they do not include definitions of BSI in the newborn. An attempt is made to suggest definitions for neonates based on available evidence and to provide an explanation and the rationale behind the variables used to support the suggested definitions.
BSI reflects a highly complex process that is dependent on a series of interactions between a pathogen and the host. Our understanding of this process has improved considerably in recent years and is still evolving. It is now accepted, for example, that the traditional concepts of BSI do not adequately reflect events in vivo and may even be an oversimplification of the processes involved. This improvement in our understanding has highlighted the fact that the definitions of sepsis used in adults or even in children cannot be extrapolated to neonates. For example, in adults and even in older children, great reliance is placed on a positive blood culture for diagnosis of BSI. Although this may be valid where large volumes of blood or multiple samples can be taken, this is not possible in the newborn, where the average volume of blood placed in a blood culture bottle is Ͻ0.5 mL (1, 2), making this test markedly less sensitive.
Decision making in clinical medicine requires quantitative reasoning based on the probability of the disease being present. This in itself is based on the correct interpretation of clinical signs and symptoms and results from laboratory investigations plus clinicians' perceived ratio between harm and benefit of the treatment. However, at the end of the day the ultimate decision made by an astute clinician must be based on Chachmah or wisdom.
Burden of Disease
Throughout the world, 1.6 million neonates die every year from infection (3) . Although most of these deaths are in developing countries, where neonatal mortality from sepsis may be as high as 60% (4), the incidence of infection in the developed world is also high at 2.2-8.6 per 1000 live births (5) . In fact, 48% of all infections occur in children of Ͻ1 yr of age, and just over half (27%) occur in the newborn period. Despite underreporting, which is common, between 33% and 66% of babies admitted to neonatal intensive care units are diagnosed to have infection some time during their stay in the neonatal units (5) (6) (7) . The mortality rate from severe infection in newborns remains high at between 20% and 40% (6, 8) , and there has been no reduction in mortality attributed to infection over the last 2-3 decades (9) despite the use of broadspectrum antibiotics and supportive care. It is also being recognized increasingly that infection in the newborn infant, even away from the brain, considerably increases the chances of white matter damage and long-term disability (10, 11) . Thus, it is important for clinicians to make the diagnosis of infection early and accurately so that they can institute appropriate treatment. Early and accurate diagnosis is also essential to maintain surveillance, which is important to prevent infection and to give clinicians the ability to enroll babies into clinical and epidemiologic studies.
Search Strategy and Comment
EMBASE, MEDLINE, and Cochrane Library were searched using age and English language limited key words sepsis, septicemia, and septic shock. This identified Ͼ2,000 references. These diagnoses can be accessed by Ͼ400 codes using the International Classification of Diseases (version 10).
In reviewing a large selection of the references it became clear that establishing a working definition of BSI in the newborn was an inherently imperfect process due to lack of consensus, an imperfect understanding of the pathophysiology of infection, and the development of new and better (more sensitive and specific) laboratory tests.
Currently, there is no evidence to suggest that one definition is superior to another. Despite published definitions of sepsis in adult patients (12) , in one recent survey of adult critical care physicians, 71% cited no common definition of sepsis used clinically (13) . The main reason for this lack of consensus on definitions is that they are produced by individuals or group of individuals with completely different mindsets (e.g., microbiologists, epidemiologists, critical care physicians, and generalists) or are produced with specific research projects in mind.
Current Definitions
Most clinicians use definitions either modified or adapted from the adult literature, where there is still lack of consensus at the bedside (13) . This lack of consensus on the definition of BSI may also be due to lack of specific and sensitive clinical and laboratory parameters. Clinicians, fearing adverse effects from infection, institute antibiotic therapy in a large number of cases when they are uncertain of the diagnosis of infection. In a recent report of a large cohort of very low birth weight babies from a large number of neonatal units in the United States, Stoll et al. (8) reported that although the actual number of very low birth weight newborns with culture proven infection was only 1.9%, 50% of the babies in the cohort were prescribed antibiotics by the clinicians on the basis of clinical and risk factors.
Other factors that add to clinicians' uncertainty are the differing pathophysiology, exposure, and susceptibility of the newborn to infection. For example, the immature immune system in the newborn, in particular the preterm, responds differently than that of an adult or even an older child to the same offending pathogens. Thus, the signs and symptoms of infection in the newborn are very nonspecific and the same is true for activation of markers of sepsis. To add to this complexity is the recent recognition of the genetic variation in response to infection; for example, some babies have a predominantly interleukin-8 response to infection, whereas others exhibit a predominantly granulocyte colony-stimulating factor response (14) .
Most current definitions are based on the seminal paper by Bone et al. (15) , who defined infection into a) infection and bacteremia; b) SIRS; c) sepsis; d) severe sepsis; and e) septic shock. Hayden (16) , using the same definitions as Bone, adapted them for children by giving agespecific values; temperature Ͼ37.9°C or Ͻ36°C, heart rate of Ͼ180 beats/min, respiratory rate Ͼ60 breaths/min, and white blood cell count of either Ͼ12,000/ mm 3 or Ͻ4000/mm 3 or presence of Ն10% immature (band forms) neutrophils. Since there was no consensus on the numbers suggested by Hayden, they were modified to Ͼ2 SD above normal for age. Immediately, the problem arose that for many of the variables, standard centiles did not exist for newborns. Samson et al. (17) (19, 20) have added to the debate by adding variables like the Glasgow Coma Scale, metabolic acidosis, and delayed capillary refill time to define septic shock. This highlights the fact that infection, far from being a homogeneous condition reflecting simply the presence of pathogens in blood (bacteremia, viremia), is actually a continuum of phases from infection to sepsis, severe sepsis, septic shock, and ultimately multiple-organ failure and death. The difficulty for the clinician is to determine in which phase the patient is at any given moment as the patient may move from one phase to another in either direction imperceptibly (Fig. 1) .
Definitions
Sepsis. Sepsis has been variously defined as "the presence of pathogenic microorganism or their toxins in tissues or blood" or as "a harmful or damaging host systemic response to infection when the host response to infection becomes enhanced or deregulated." The International Sepsis Definition Conference (ISDC) in 2001 (12) defined sepsis as "the clinical syndrome defined as the presence of both infection and systemic inflammatory response syndrome." The ISDC definition requires a clearer understanding of SIRS, which can be triggered by events other than sepsis (e.g., trauma). Although the concept of SIRS is widely understood and accepted for adults, its value for children in particular neonates is yet to be evaluated (23) . This is particularly so in the light of our recent understanding that, due to various deficiencies in the host defense mechanisms, the fetus and the neonate may respond very differently than an adult given the same pathogenic insult. For example, early-onset (Ͻ72 hrs) infection in neonates is due to fetal inflammatory response syndrome, in which the fetus or the newborn responds to either an ascending infection from the birth canal (chorioamnionitis) or a hematogenous spread from maternal infection. It is not clear why only some fetuses should generate such a powerful response to infection when it is not in their interest as it increases the risk of cerebral palsy in survivors by nearly nine-fold (24) .
Severe Sepsis. Severe sepsis is defined as sepsis complicated by organ dysfunction and hypotension.
Septic Shock. In children and neonates, septic shock is usually characterized by tachycardia (heart rate Ͼ180/ min) with signs of decreased perfusion (differently measured, i.e., increased capillary refill time Ͼ3 secs, and hypotension Ն2 SD below normal range for age) requiring fluid and inotropic therapy.
Categories of Bloodstream Infection in the Newborn. These categories are presented in Table 1 . In neonatal care, nosocomial infections constitute nearly 75% of all bacterial infections and are mainly due to Gram-positive organisms (6), although in some reports from the United States, Gram-negative organisms are increasingly being cultured (25) . Mortality from nosocomial infection is low in the newborn, but recent evidence suggests that nosocomial infection may not merely prolong hospital stay but may also cause long-term neurologic morbidity (11) .
There is no consensus but considerable debate in the literature as to the predictive value of the clinical variables used to diagnose infection. For example, most textbooks and clinical studies suggest that a respiratory rate Ͼ60 breaths/ min is abnormal, but studies (22, 23, 26 -28) have clearly shown that healthy babies may have a respiratory rate Ͼ60 breaths/min. However, a respiratory rate Ͼ60 breaths/min when accompanied by grunting or chest recession or desaturations is always abnormal (22, 23, 26 -28) , and this is the justification for suggesting this as a diagnostic criterion for sepsis. I recognize that the same debate could be had for each and every item chosen in Table 2 (29 -31 ).
Blood culture is considered by many as the gold standard; however, the reliability of blood culture for small blood samples (frequent in newborn care) has not been well evaluated (1). Fischer et al. (32) estimated that if 1 mL of blood is sent for culture (in practice much smaller volumes are sent from newborn and premature babies), then the sensitivity of this test is only around 30 -40%, and this rises to 70 -80% when 3 mL of blood is sent for culture. The alternative of taking multiple smallvolume blood culture samples does not add to the sensitivity of the test (33) . The challenge, therefore, is to think beyond the current paradigm of basing the diagnosis entirely on blood culture results to establish definitions that are useful to clinicians for making a diag- 
Table 1. Categories of bloodstream infection (BSI)
Primary BSI: BSI in patients without an identifiable focus of infection (e.g., group B Streptococcus or Escherichia coli infection) Secondary BSI: BSI caused by pathogens related to infection at another site. (e.g., pneumonia) Early-onset BSI: Infection that occurs within the first 72 hrs of life usually reflecting vertical transmission (e.g., group B Streptococcus infection) Late-onset BSI: Infection that occurs after 72 hrs of life usually reflecting horizontal transmission (e.g., urinary tract infection). Bacteremia/infection: "A pathological process caused by the invasion of normally sterile tissue or fluid or body cavity by pathogenic or potentially pathogenic organisms" Proven BSI: A positive blood culture or a positive PCR in the presence of clinical signs and symptoms of infection (see Table 2 for signs and symptoms) Probable BSI: Presence of clinical signs and symptoms of infection (Table 2 ) and at least two abnormal laboratory results when blood culture is negative Possible BSI: Presence of clinical signs and symptoms of infection (Table 2) (Table 2) PCR, polymerase chain reaction; CRP, C-reactive protein; IL, interleukin.
nosis of infection at the bedside by using predictive clinical variables and highly sensitive and specific laboratory tests. This is a step change from the recommendations that sepsis can only be diagnosed when infection is confirmed by a positive blood culture (34) . Currently, there is not a single laboratory test that has receiver operating characteristic value Ͼ0.8. Thus, it remains important for clinicians to use a combination of clinical variables and laboratory tests to get the greatest predictive value. Table 2 suggests diagnostic criteria for sepsis in the newborn, and Table 3 provides the specificity, sensitivity, and positive and negative predictive value of individual tests and combinations of some of the laboratory tests currently used. The variables chosen for inclusion in Table 3 reflect those that are likely to give the highest yield.
There is considerable evidence that interleukin-6, interleukin-8, and a positive polymerase chain reaction are better markers of infection (35) (36) (37) than the total leukocyte count, C-reactive protein, or procalcitonin. I recognize that PCR may not be available at many institutions; thus, I suggest using a combination of C-reactive protein (Ͼ10 mg/L) and either interleukin-6 or interleukin-8 (Ͼ70 pg/ mL), which gives a negative predictive value of 98%. With the use of this combination, clinicians can safely exclude infection. I recommend greater use of these tests because predictive value for smallvolume blood culture (often still used as a gold standard) and other individual tests is poor.
CONCLUSION
Establishing a working definition of BSI in the newborn is fraught with difficulties due to lack of consensus, constantly changing understanding of the pathophysiology of infection, and the lack of new and sensitive laboratory tests. Based on a review of the evidence and the consensus of experts at an international meeting, diagnostic criteria for BSI in the newborn are suggested based on the clinical presentation and the results of specific laboratory tests. The success or failure of these suggestions will depend on their validation in clinical studies (21) . Table 3 . Sensitivity, specificity, and positive and negative predictive value of some laboratory tests used in the diagnosis of infection in the newborn (Ref. PPV, positive predictive value; NPV, negative predictive value; WBC, white blood cell count; I/T, immature/total neutrophil ratio; CRP, C-reactive protein; IL, interleukin; PCR, polymerase chain reaction.
a From Ref. 35 . All values are percentages.
